Little is known about the fate of arsenic (As) in land-applied litter from chickens that have been fed roxarsone, an organic feed additive containing As. This study seeks to elucidate the transfer of As in runoff from ditch-drained soils of the poultryproducing region of the Delmarva Peninsula by tracking As and phosphorus (P) export from seven drainage ditches over two water-years (1 July 2005 to 30 June 2007). Annual losses of As from ditches ranged from 0.004 to 0.071 kg ha -1 while P losses ranged from 0.33 to 18.56 kg ha
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, with the largest loads associated with a litter storage shed that served as a point source. Event-based As and P losses in ditch flow fluctuated by a factor of 162 and 1882, respectively. The two elements were correlated in flow from the ditch draining a litter storage shed (r = 0.99), and in sediment extracts in soils near the litter shed (r = 0.73), pointing to similar behavior under point source conditions. Indeed, As and P exhibited similar behavior within storms for all ditches, characterized by relatively high initial concentrations subject to rapid concentration declines before peak flow, consistent with dilution of a finite source. However, As and P concentrations varied significantly between ditches and showed considerable temporal variability within ditches, with no clear seasonal trends or associations with current management strategies. The results suggest that similar management strategies might be effective for As and P point sources, but that field management practices geared toward controlling nonpoint source P losses may not readily transfer to the control of As losses.
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Clinton D. Church,* Peter J. A. Kleinman, Ray B. Bryant, and Lou S. Saporito USDA-ARS Arthur L. Allen University of Maryland Eastern Shore M odern manure management strategies reflect concern over the potential for land-applied manures to contaminate surface and groundwaters. Recently, there has been growing concern over the use of roxarsone (3-nitro-4-hydroxyphenylarsonic acid) by the poultry industry, as roxarsone contains As that may ultimately accumulate in the environment (Christen, 2001) . Roxarsone, an organic acid feed additive, has historically been fed to broiler chickens to improve weight gain, feed consumption, and manage coccidial parasites (Chapman and Johnson, 2001 ). Because roxarsone is not metabolized by poultry and therefore does not accumulate in broiler meat, the bulk of roxarsone added to broiler feed is excreted in feces, which, when mixed with bedding, forms poultry litter (Anderson and Chamblee, 2001; O'Connor et al., 2005; Arai et al., 2003) . Because poultry manure is rich in nutrients, >90% of poultry litter is land-applied as fertilizer (Jackson and Bertsch, 2001; Morrison, 1969; Moore et. al., 1998) . Although Rutheford et al. (2003) showed that soils receiving long-term poultry litter application also had high levels of water-extractable As and that As appeared to be sorbed to iron oxyhydroxides in some soil types, the ultimate fate of As derived from roxarsone as well as the controls on As movement in the environment are largely unknown (Christen, 2001) .
The use of organoarsenicals in the poultry industry (Anderson, 1983) , primarily roxarsone, has increased as the industry has grown. Concentrations of roxarsone normally added to feed are relatively low, between 45 and 90 g t -1 (Howie, 2003; NRC, 1999; USFDA, 2000) . However, Garbarino et al. (2003) estimated that in 2000 alone, when 8.3 × 10 6 broiler chickens were grown in the United States, approximately 2.5 × 10 5 kg of As were likely applied in litter to U.S. soils, equivalent to an annual load of 60 to 250 g As ha -1 (Garbarino et al., 2003) . In areas of intensive poultry production, such as the Delmarva (Delaware, Maryland, Virginia) Peninsula, the application of roxarsone-derived As to agricultural soils can be quite acute. In 2000, approximately 620,000,000 broilers were raised on the Peninsula, resulting in an estimated annual load of As to Delmarva soils of 2.6 × 10 4 kg from land application of poultry litter (Seiter and Sparks, 2005, 
